The term pulmonary hypertension refers to a serious condition characterised by high pulmonary vascular pressure, mainly as a consequence of various cardiac and respiratory diseases. Current clinical classification of pulmonary hypertension considers five distinct groups. Transthoracic echocardiography represents the first and most important noninvasive screening tool for estimating the probability of pulmonary hypertension. The diagnostic approach to pulmonary hypertension is supported by a proposed algorithm, which identifies the underlying cause. The definitive diagnosis and classification of pulmonary hypertension requires invasive confirmation of an elevated pulmonary artery mean pressure during a right heart catheterisation at rest. Pulmonary artery wedge pressure assessment has a pivotal role in differentiating precapillary from postcapillary pulmonary hypertension. The correct acquisition and interpretation of invasive pulmonary haemodynamic variables play a central role, not only in confirming the diagnosis but also in prognostication and treatment decision-making. During right heart catheterisation correct zero levelling of the external pressure transducer and pressure tracing readings at end-expiration should be assured. Obese patients and patients with obstructive lung diseases require special attention, given that spontaneous positive end-expiratory intrathoracic pressures are frequently observed. Because pressure and flow determinations with a fluid-filled flow-directed thermodilution catheter are potentially insufficiently precise, it is recommended to average at least three measurements. Acute vasoreactivity testing is indicated only in selected patients. Recent data suggest that invasive pulmonary haemodynamic measurement during exercise may be more sensitive than resting haemodynamics for early diagnosis, for treatment response assessment and for prognostic purposes.
Summary
The term pulmonary hypertension refers to a serious condition characterised by high pulmonary vascular pressure, mainly as a consequence of various cardiac and respiratory diseases. Current clinical classification of pulmonary hypertension considers five distinct groups. Transthoracic echocardiography represents the first and most important noninvasive screening tool for estimating the probability of pulmonary hypertension. The diagnostic approach to pulmonary hypertension is supported by a proposed algorithm, which identifies the underlying cause. The definitive diagnosis and classification of pulmonary hypertension requires invasive confirmation of an elevated pulmonary artery mean pressure during a right heart catheterisation at rest. Pulmonary artery wedge pressure assessment has a pivotal role in differentiating precapillary from postcapillary pulmonary hypertension. The correct acquisition and interpretation of invasive pulmonary haemodynamic variables play a central role, not only in confirming the diagnosis but also in prognostication and treatment decision-making. During right heart catheterisation correct zero levelling of the external pressure transducer and pressure tracing readings at end-expiration should be assured. Obese patients and patients with obstructive lung diseases require special attention, given that spontaneous positive end-expiratory intrathoracic pressures are frequently observed. Because pressure and flow
Introduction
Pulmonary hypertension (PH) is a condition frequently encountered in daily clinical practice and, despite the lack of good prevalence data, it is presumed to be the third most common cardiovascular condition after systemic hypertension and coronary artery disease [1] . The original World Health Organization (WHO) clinical classification of PH proposed in 1973 was simple and based on only two categories: primary and secondary PH [2] . Twentyfive years later at the second World Symposium on Pulmonary Hypertension (WSPH) held in Evian, France in 1998, a remarkable modification of the previous classification was adopted [3] . Five well-defined major categories of PH were created, and based on similar underlying pathophysiological mechanisms:
1. Pulmonary arterial hypertension (PAH) 2. Pulmonary hypertension due to left-sided heart diseases (LHD) 3. Pulmonary hypertension due to chronic lung diseases and/or hypoxia 4. Chronic thromboembolic pulmonary hypertension (CTEPH) 5. Pulmonary hypertension with unclear multifactorial mechanisms
This new classification enabled well-designed randomised controlled trials conducted in clearly defined patient populations, which have led to the approval of eight drugs for the treatment of PAH. At a further WSPH, the clinical classification was refined, while the general architecture of previous classifications was maintained. The most recently updated version proposed during the fifth WSPH held in Nice, France in 2013 is presented in table 1 [4] . A common classification for both paediatric and adult patients was adopted. Comparative prevalence data for the various groups are not available, but LHD, including the forms with either reduced or preserved ejection fraction, probably represents the most common cause of PH [5, 6] . Depending on the selected cohort of patients and the definition of PH used (invasive measurements vs estimation with echocardiography; different cut-off values), up to 80% of patients with LHD may have PH [7, 8] , which if present negatively affects outcome [7, 9] . Chronic lung diseases are considered to be the second most frequent aetiology of PH [10] . The severity of chronic obstructive pulmonary disease (COPD) seems to determine the likelihood of developing PH, which if present exerts a negative impact on survival [11] . Conversely, PH severity is only poorly correlated with lung function impairment in patients with idiopathic pulmonary fibrosis (IPF) [12] . The syndrome of combined pulmonary fibrosis and emphysema (CPFE) represents a separate entity especially predisposed to result in PH (prevalence estimates range between 30 and 50%) [13] . Recent data suggest that the annual incidence of CTEPH is about five subjects per million adult population per year, with a prior history of acute pulmonary embolism in approximately 75% of patients [14] . Reliable epidemiological data on PAH are provided by national registries and confirm that it is a rare disease with an estimated prevalence of approximately 15 to 60 cases per million adult population [15] .
Haemodynamic definitions and diagnosis of pulmonary hypertension
Pulmonary hypertension is defined as an invasive pulmonary artery mean pressure (mPAP) ≥25 mm Hg obtained during right heart catheterisation at rest [16] . Normal resting mPAP values are 14 ± 3 mm Hg (mean ± standard deviation), with an upper limit of approximately 20 mm Hg [17] . A resting mPAP between 21 and 24 mm Hg is clearly above the limit of normal, but does not fulfil the criterion for a diagnosis of PH. An mPAP in this range was previously defined as "borderline PH", a term that has now been abandoned because of its unclear clinical and prognostic significance [1, 16] . However, in a recent nonconcurrent cohort study, subjects with mPAP of 21 to 24 mm Hg showed a lower 6-minute walking distance and a double prevalence of an abnormal exercise-induced pulmonary vascular response as compared with subjects with strictly normal mPAP [18] . This finding supports the concept that subjects with an mPAP of 21 to 24 mm Hg at rest represent a separate phenotype requiring close followup, especially in the presence of risk factors for developing PAH (connective tissue diseases, family members with idiopathic or heritable PAH) [1, 16] . The current definition of PH considers pulmonary pressure values only at rest [16] . However, recently combined criteria for exercise-induced PH with excellent intrinsic diagnostic characteristics have been proposed as follows: mPAP >30 mm Hg with a total pulmonary vascular resistance (total PVR = mPAP / cardiac output [CO]) >3 Wood units (WU) at maximum exercise ( fig. 1 ) [19] . This definition of PH on exercise was not integrated into the current 2015 European guidelines, and is awaiting prospective outcome validation data [1] . Unlike the general definition of PH, the definition of pulmonary arterial includes PVR, as follows: mPAP ≥25 mm Hg, pulmonary artery wedge pressure (PAWP) ≤15 mm Hg and PVR >3 WU in the absence of other precapillary aetiologies (chronic lung diseases, CTEPH and other rare diseases) [1, 16] . PVR, as opposed to total PVR, is the ratio of pressure gradient to cardiac output: PVR = (mPAP ˗ PAWP)/CO. The term pulmonary capillary wedge pressure (PCWP) is frequently used in the medical literature. This pressure is obtained by wedging a pulmonary artery catheter with a deflated balloon, and PCWP is therefore a misleading term because it is different from effective pulmonary capillary pressure and different from PAWP. The working group on "definitions and diagnosis of PH" of the fifth WSPH suggested abandoning the term pulmonary capillary wedge pressure and preferred use of the term PAWP for pulmonary venous pressure [16] .
From the haemodynamic point of view, PH is differentiated to precapillary and postcapillary forms, depending on the PAWP value. Postcapillary PH occurs in LHD and requires a PAWP above 15 mm Hg [1] . Postcapillary PH was previously subclassified into passive and reactive (or "out of proportion") forms. Reactive postcapillary PH referred to an mPAP higher than expected from a passive backward transmission of an elevated venous pressure, as a consequence of superimposed vasoconstriction and/or vascular remodelling of the pulmonary circulation. The term reactive postcapillary PH is now abandoned, and currently two types of postcapillary PH are identified on the basis of the diastolic pressure gradient, as presented in table 2 [5] . Relationship between exercise mean pulmonary arterial pressure (mPAP) and cardiac output (CO). Individual data points represent mPAP and CO reached at maximal exercise stratified by subjects with pulmonary vascular disease (PVD), left heart disease (LHD), control subjects and historical healthy volunteers. It can be seen that the total pulmonary resistance (TPR) line with a slope of 3 WU differentiated the diseased (PVD and LHD) and non-diseased groups (controls and historical volunteers). Reproduced from Hervé P [19] with permission of the European Respiratory Society.
During the fifth WSPH held in 2013 it was suggested that use of the term "out of proportion" in the classification of PH due to lung diseases should be abandoned. "Out of proportion" indicated that the severity of PH was higher than expected on the basis of lung parenchymal impairment [10] . For COPD, IPF and CPFE the following definitions are currently applied: COPD/IPF/CPFE without PH (mPAP <25 mm Hg), with PH (mPAP ≥25 mm Hg) and with severe PH (mPAP ≥35 mm Hg, or mPAP ≥25 mm Hg with low cardiac index of <2.5 l/min/m 2 ) [1] . Unfortunately, even today the diagnosis of PH is often delayed because the presenting symptoms and signs are typically nonspecific and generally related to a progressive dysfunction of right ventricle [20] . Pulmonary hypertension should be suspected in any patient with exertional dyspnoea, fatigue and impaired exercise tolerance of unexplained aetiology, chest pain, syncope and/or signs of right ventricular dysfunction. Clinical signs suggestive of PH include parasternal lift, an accentuated second heart sound, a third heart sound, a pansystolic heart murmur reflecting tricuspid regurgitation and tachypnoea without wheeze and crackles. Patients with more advanced disease developing progressive right ventricular failure present with elevated jugular venous pressure, hepatomegaly with ascites and peripheral oedema with cold extremities. Transthoracic echocardiography (TTE) represents the first and most important noninvasive screening tool for estimating the likelihood of PH, but for a definitive diagnosis and treatment decisions right heart catheterisation is compulsory, because TTE may give inaccurate pulmonary artery pressure estimates on an individual basis [21] . Where PH is suspected, TTE should always be performed. Continuous wave Doppler assessment of peak tricuspid regurgitation velocity is the main TTE variable from which to estimate the probability of PH [1] . Additional echocardiographic signs suggestive of PH are right ventricular size and pressure overload, blood flow pattern velocity out of the right ventricle, pulmonary artery diameter and estimated right atrial pressure. These other echo "PH signs", combined with the peak tricuspid regurgitation velocity, permit the likelihood of PH to be stratified into low, intermediate and high [21, 22] . An extensive diagnostic workup supported by a proposed algorithm is required in order to identify the underlying cause of PH [1] . When there is clinical suspicion and an intermediate to high echocardiographic probability of PH, the more prevalent clinical categories (groups 2 and 3) should be considered first. A set of additional investigations (electrocardiogram, chest radiograph, pulmonary function tests, arterial blood gas analysis and high resolution chest computed tomography) is required in order to identify the presence of group 2 (left heart diseases) or group 3 (lung diseases).
If the echocardiographic probability of PH is low, no further investigations are required and an alternative explanation for symptoms should be sought. If the diagnosis of left heart or lung diseases is confirmed and no signs of severe PH are present the appropriate treatment should be initiated without further testing, especially not right heart catheterisation. If severe PH and/or right ventricular dysfunction are present it is recommended to refer the patient to a PH expert centre for a search for the additional causes. After exclusion of group 2 and group 3 PH, a ventilation/ perfusion scan is required to differentiate between CTEPH and PAH. Right heart catheterisation is compulsory for the definitive diagnosis of both entities and for treatment decisions. If the diagnosis of CTEPH is excluded by a normal or low-probability ventilation/perfusion scan, specific tests (blood chemistry and haematology, immunology, serology and ultrasonography) may be useful for identification of the individual subsets of PAH.
Best clinical practice for right heart catheterisation
Despite recent and promising advances in noninvasive techniques for measurement of the pulmonary circulation [23, 24] , right heart catheterisation remains the reference standard for the confirmation of suspected PH, assessing the disease severity and thereafter evaluating prognosis and, not least, determining the response to targeted therapy during the course of the disease [1] . For group 2 and group 3 PH, right heart catheterisation is recommended only if organ transplantation is considered. It could be useful in patients with suspected PH and left heart or lung diseases in assisting the differential diagnosis and the treatment decision making. Right heart catheterisation is a safe procedure, with a reported related morbidity of 1.1% and mortality of 0.055% in patients with PH when performed in expert centres [25] . Subclavian and internal jugular veins are the preferred vascular access for the insertion of a pulmonary artery catheter. The catheter is advanced with an inflated balloon from the superior vena cava or right atrium until it reaches the wedge position ( fig. 2) . The frequency response of a fluid-filled pulmonary artery catheter has been generally assumed to be insufficient for accurate instantaneous pressure measurements. Recently, fluid-filled pressures determined with a pulmonary artery catheter were compared with PAP measurements made with the reference standard method (a high-fidelity micromanometer-tipped catheter), showing excellent reliability but a lack of precision [26] . Mean cardiac output is measured with a fluid-filled pulmonary artery catheter by means of the thermodilution technique, which requires several cardiac cycles and use of the Stewart-Hamilton equation [27] . In certain situations, such as severe tricuspid regurgitation and low output syndrome, this technique could provide imprecise estimations of cardiac output as compared with the direct Fick method, which is considered the reference standard but needs simultaneous measurements of oxygen uptake and arterial and mixed venous blood analysis [27] . In addition, if intracardiac shunts are suspected the direct Fick method should be preferred, because the thermodilution technique provides inaccurate cardiac output determination because of early recirculation of the injectate. The indirect Fick method may also give unreliable estimates of cardiac output and accordingly its use is discouraged [1] . In order to cope with the intrinsic random errors of pressure and flow determinations made with a fluid-filled pulmonary artery catheter, it is now clearly recommended to take several measurements (three to five with less than 10% variation among them) and average them [24] . A pulmonary artery catheter permits direct measurement of the following haemodynamic variables: PAP (systolic, diastolic and mean), PAWP, right atrial pressure (RAP), cardiac output and mixed venous oxygen saturation (SvO 2 ); and derivation of the following variables: diastolic pressure gradient (diastolic PAP -PAWP), PVR and cardiac index (cardiac output / body surface area) [28] . PAWP is taken as a surrogate of left atrial pressure (LAP), which represents the outflow pressure of the pulmonary circulation, because LAP cannot be directly measured with a pulmonary artery catheter. A large-scale quality control study compared PAWP measurements during right heart catheterisation with concomitant LAP measurements during left heart catheterisation. Estimates of LAP by PAWP were reliable but insufficiently precise [29] . LeVarge and colleagues reported that about one third of patients with precapillary PH had an end-expiratory PAWP >15 mm Hg at a single point in time [30] . This was mainly observed in obese individuals and in patients with COPD, two populations which frequently have spontaneous positive endexpiratory intrathoracic pressure. Averaging PAWP values over several respiratory cycles in order to compensate for respiratory swings in these patients represents a valuable alternative to end-expiratory readings [31] . Right heart catheterisation is a demanding and time-consuming procedure, because it requires special attention and expertise for data acquisition and interpretation. Invasive haemodynamic variables should not be interpreted alone, but always integrated into the clinical context, taking into account noninvasive diagnostic investigations, especially TTE. The zero levelling of the external pressure transducer during a right heart catheterisation should be performed with the patient in the supine position at the cross-section of three transthoracic planes (midchest frontal; transverse through the fourth intercostal space; midsagittal) representing the left atrial level [31] . In order to obtain accurate and precise estimates of PAWP, the tip of pulmonary artery catheter must be positioned in West's lung zone III and pressure tracings must be recorded at end expiration, when intrathoracic pressure approximates atmospheric pressure. Special attention should be paid to obese patients and patients with COPD, given the relevant intrathoracic pressure swings across the respiratory cycle in these subjects ( fig.  3 ) [1, 28, [30] [31] [32] .
Patients with PH and LHD treated with diuretics may have a PAWP <15 mm Hg, leading to a misclassification of their PH [33] . A fluid challenge during right heart catheterisation may be an attractive strategy to unmask patients with heart failure and preserved ejection fraction (HFpEF) but PAWP <15 mm Hg at baseline ( fig. 4 ) [34] . Unfortunately, the intrinsic diagnostic characteristics of this manoeuvre (positive and negative likelihood ratios) have not been rigorously evaluated. Recently, Robbins et al. found, in a retrospective cohort of patients primarily classified as having PAH, that rapid intravenous fluid challenge (500 ml of 0.9% NaCl over 5-10 minutes) increased PAWP >15 mm Hg in 22.2% of patients, unmasking occult pulmonary venous hypertension. Unfortunately, left ventricular end-diastolic pressure was concomitantly assessment in only a minority of patients [35] . This interesting finding, with direct consequences for PH classification and for patient se- lection for clinical trials in PAH, requires additional validation. For routine assessment of PH, concomitant left heart catheterisation is currently not recommended. However, it should be seriously considered in patients with clinical risk factors for coronary artery disease or for HFpEF, in patients with echocardiographic signs of systolic and/or diastolic dysfunction and when PAWP measurement is unreliable [1] . During a right heart catheterisation, an acute pulmonary vasoreactivity test is performed in order to identify patients suitable for calcium channel blocker therapy. Currently this test is indicated only in patients with idiopathic, heritable or drug-related PAH [1] . A positive test is defined as a reduction of mPAP ≥10 mm Hg from baseline to an absolute value of mPAP ≤40 mm Hg with unchanged or increased cardiac output [16] . Vasoreactivity testing is usually performed with inhaled nitric oxide (10 to 20 parts per million). Alternatively, inhaled iloprost, intravenous epoprostenol or adenosine can be used [1] . If a cardiac left-to-right shunt is suspected and when pulmonary artery oxygen saturation is >75%, a stepwise measurement of oxygen saturation is recommended, with assessment in the superior vena cava, inferior vena cava, right atrium, right ventricle and pulmonary artery [1, 28] . A saturation difference of >7% between mixed venous saturation and the right atrium is suggestive of an atrial leftto-right shunt, whereas a difference above 5% between right atrium and right ventricle may be indicative of a ventricular left-to-right shunt [28] . Recent guidelines suggested performing right heart catheterisation in patients with PAH at regular intervals, 3 to 6 months after changes in targeted therapy, and not only in the event of clinical worsening [1] . A high RAP, low cardiac index and low SvO 2 have been identified as robust independent negative prognostic factors [36, 37] . However the risk assessment in Figure 4 : Haemodynamic data of a 69-year-old patient with suspected pulmonary arterial hypertension. The basal evaluation is consistent with precapillary pulmonary hypertension (mPAP 25 mmHg, PAWP 10 mmHg). A 500 ml infusion of saline unmasked left heart disease. Here, transpulmonary pressure gradient was 11 mm Hg and diastolic pressure gradient 0 mm Hg. Note the normal basal PAWP and its dramatic increase after fluid challenge (fluid PAWP) with a characteristic V wave (arrows) . The patient suffered from hypertension, diabetes, and atrial flutter (see the electrocardiographic traces). He had mitral insufficiency and was classified as group 2 pulmonary hypertension. Adapted from Lador F [34] with permission from the publisher. © Georg Thieme KG.
PAH should not be based only on invasive haemodynamic variables. A multidimensional approach has been proposed, which also considers clinical signs of right ventricular failure, symptom progression, WHO functional class, one measurement of exercise capacity (6-minute walking distance or cardiopulmonary exercise testing), brain natriuretic peptide levels and TTE findings [1] . Increasing evidence suggests that invasive pulmonary haemodynamics during exercise are more sensitive than resting haemodynamics in capturing treatment response in patients under targeted therapy for PAH [38, 39] and in predicting longterm outcome [40] .
Conclusions
The confirmation of suspected PH requires an invasive measurement of mPAP of 25 mm Hg or above. A PAWP threshold value of 15 mm Hg is employed to differentiate between precapillary PH and postcapillary PH. Postcapillary PH is subclassified in accordance with diastolic pressure gradient. The proper use of right heart catheterisation is compulsory in order to obtain accurate and precise estimates of pulmonary vascular pressure and flow, and has direct consequences for diagnosis classification as well as for treatment decisions, and should be limited to expert PH centres. Stress testing of the pulmonary circulation during exercise is an interesting and attractive method for the evaluation of pulmonary vascular function.
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